The purpose of this study was to evaluate sympathetic skin response (SSR) and heart rate variability (HRV) in determining autonomic nervous system (ANS) involvement in patients with Parkinson disease (PD). Forty-eight idiopathic PD patients and 30 healthy controls participated in this study. SSR, HRV, Unified Parkinson's Disease Rating Scale (UPDRS) III, the Scales for outcomes in Parkinson's Disease-Autonomic (SCOPA-AUT), Hoehn and Yahr (H&Y) scale were evaluated. Absent lower limb SSR was determined unilaterally in 2, bilaterally in 1 of 3 advanced PD patients; there was significant difference between PD and control groups in terms of the SSR (P < 0.01), significant prolonged SSR latencies and decreased SSR amplitudes from bilateral hands and feet. Significant difference was noted in HRV between PD and control groups except for root mean square of successive differences (rMSSD) and highfrequency (HF) power (P < 0.05). There was a significant different correlation between the parameters of SSR and the SCOPA-AUT, and between the parameters (except HF power) of HRV and the SCOPA-AUT. Some parameters of SSR were relevantly associated with HRV. The right hand SSR amplitude correlated positively with the (SD) of all R-R interval, total spectral power, very low frequency. The right foot amplitude correlated positively with total spectral power. Both SSR and HRV parameters are sensitive in determining ANS dysfunction not only in late but also in the early stage of PD, which can be used for early detection of autonomic dysfunction in patients with PD and have the potential to serve as electrophysiological markers of dysautonomia of PD.
Introduction
Parkinson disease (PD) is an irreversible neurodegenerative disorder characterized by motor dysfunction and various nonmotor symptoms. Nonmotor symptoms are common in PD, especially autonomic symptoms, and almost all the functional autonomic symptoms can be involved in PD. [1, 2] Autonomic dysfunction can present in the early stages of PD, even before motor symptoms occur, and impact the quality of patients' life. [3, 4] However, it is still underrecognized in daily clinical practice. The wide range of autonomic dysfunctions of PD encompasses cardiovascular, gastrointestinal, urogenital, thermoregulatory, and pupil domains. [1] It is important to recognize autonomic impairment because symptomatic treatment is frequently effective.
Sympathetic skin response (SSR) is being used to assess the autonomic dysfunctions such as PD, spinal cord injury, and stroke. [5] [6] [7] It is a noninvasive paraclinical electrophysiological test, which is an assessment of sympathetic cholinergic psudomotor function. SSR, detecting the potential generated by the skin sweat glands and adjacent skin, is a dependable test recording of sympathetic efferent fibers stimulation and is produced by electrical stimulation of median or posterior tibial nerve afferents. In addition, heart rate variability (HRV), variation of the time interval between heartbeats, has also been used to evaluate autonomic cardiac physiology in PD. [8] When used as noninvasive and routine electrocardiography, HRV may help differentiate essential tremor from early-stage tremor-dominant PD. [9] Therefore, to confirm the relationship between the noninvasive methods (SSR and HRV) and the autonomic dysfunction of PD, we evaluated the correlation between, first, PD patients and healthy controls; second, SSR and HRV parameters and other clinical autonomic disorder parameters regularly occurring in PD and to find out whether SSR and HRV parameters may have the potential to serve as electrophysiological markers of dysautonomia of PD.
Methods

Study population
Data were obtained from the outpatient and inpatient clinic at the Neurology Department of the Second Affiliated Hospital and Yuying Children's Hospital of Wenzhou Medical University. Forty-eight PD patients with confirmed PD diagnosis and 30 healthy controls having no history of a neurological disease were recruited to participate in the study. None of the patients had arrhythmia, hypertension, ischemic or other heart diseases, diabetes mellitus, chronic obstructive airway disease, alcoholism hypothyroidism, or other central nervous system diseases. The study was approved by the research ethics committee of the Second Affiliated Hospital and Yuying Children's Hospital of Wenzhou Medical University. All subjects signed an informed consent, and all the information was confidential.
All of the PD subjects underwent clinical examinations including the motor part (Part III) of the Unified Parkinson's Disease Rating Scale (UPDRS), the scales for outcomes in PD-Autonomic (SCOPA-AUT) and the Hoehn and Yahr (H&Y) Scale.
Materials and procedure
All participants were interviewed using electrophysiological tests (SSR and HRV) and various scales and were examined neurologically by the authors. Motor symptoms were assessed using Part III of the UPDRS, [10] and all items were scored by a scale of 0 to 4 (normal/slight/mild/moderate/severe). As assessed by SCOPA-AUT questionnaire, autonomic subscores, cardiovascular, gastrointestinal, urinary, thermoregulatory, pupillomotor, and sexual were tested in patients with PD, and all items were scored by a scale of 0 to 3 (never/sometimes/regular/frequent). [11] A modified H&Y was used for disease staging.
In electrophysiological studies, SSR test was recorded by an Oxford synergy electromyography device with disk surface electrodes using sweep speed of 300 to 500 ms/div, sensitivity of 500 to 1000 uv/div, filtering of 0.5 to 500 Hz, frequency of stimulation equals to 1 stimulus/20-30 seconds, and intensity of stimulation equals to 20 milliampere. The examination was conducted under standard condition, in a quiet and semidark room at temperature of 25°C to let the skin temperature maintain above 32°C. SSR were obtained in all the subjects' limbs. The subjects were kept awake and relaxed. For recording the median nerve SSR, the active electrode was placed at the palm of the hand and the reference electrode at dorsum of the hand. For recording the tibial nerve SSR, the active electrode was placed at the sole of the foot and the reference electrode at the dorsum of the foot. SSR parameter included the latency, which was indicated by the first continuous deflection from the baseline and the amplitude, which was measured from peak to peak. Absent responses were defined when no consistent change in the baseline usually larger than 50 mV was observed in any 1 of the recordings in the 2 seconds following the stimulus.
HRV test was recorded by 24-hour continuous recording electrocardiography (marquette), power spectral analyses of which have been proposed as a means to evaluate cardiovascular autonomic function. [12] The following time domain indexes were gathered: the standard deviation (SD) of all R-R intervals (SDNN), the SD of the averages of R-R intervals during all 5-minute periods that constitute the 24-hour day (SDANN), mean of the standard deviations of all R-R intervals for all 5-minute segments of the 24-hour recording (SDNN index), percentage of R-R intervals differing more than 50 ms from each other (pNN50), and the root mean square of successive differences (rMSSD). The frequency domain analyses were also obtained: total spectral power, defined as the power between the 0.0 and 0.40 Hz; low frequency (LF) power, the power between the 0.04 to 0.15 Hz; high-frequency (HF) power, the power between the 0.15 and 0.40 Hz, and very low frequency (VLF) power, the power 0.04 Hz. Commonly, most of these parameters were analyzed from 24-hour continuous recording electrocardiography when the subjects were at rest.
Statistical analysis
The Shapiro-Wilk test was applied to evaluate the normality of the distribution for continuous data before statistical analysis. Two independent samples t test was used to assess the differences between the 2 groups for continuous variables met normal or similar normal distribution. Mann-Whitney U test was performed if the distributions were skewed. Chi-square tests (or Fisher exact test) were performed to compare the differences of the proportion of categorical variables between the 2 groups. Spearman rank correlation was used to test the significance of correlations. All tests were 2-sided and P 0.05 was set as the significant level. Data management and all statistical analyses including figures drawing were performed using Rstudio Version 1.0.44 (RStudio, Inc.).
Results
The basic characteristics of the patients included the following: mean age (±SD) equal to 68.90 (±9.09) years (range: 38-81 years), duration of the disease was 5.4 ± 4.2 years (range: 0.3-14 years). The control group (63.33 ± 6.94 years, range: 48-76 years) were statistically different with respect to age and sex.
Absent lower limb SSR was determined unilaterally in 2, bilaterally in 1 of 3 advanced PD patients; there was significant difference between PD and control groups in terms of the of SSR (P < 0.01), significant prolonged SSR latencies and decreased SSR amplitudes from both hands and feet. There were significant differences between PD and control groups in HRV, with analysis of SDNN, SDANN, SDNN index, LF (mediated by baroreflex feedback), LF/HF (an index of sympatho-parasympathetic balance) and total spectral power. The parameters of HRV were found decreased in patients with PD when compared with the control subjects except for rMSSD and HF power (P < 0.05). Tables 1 and 2 provided information about electrophysiological autonomic parameters of the PD and healthy control subjects.
Correlation between electrophysiological autonomic parameters and clinical PD scales demonstrated: SSR latencies correlated positively with the SCOPA-AUT score, SSR amplitudes and HRV parameters correlated negatively with the SCOPA-AUT score; and the SCOPA-AUT score correlated positively with the UPDRS III score and H&Y score (Table 3 
Discussion
A great impact of autonomic dysfunction on the quality of PD patients' life has been widely acknowledged. [1, 3, 12] The autonomic nervous system (ANS) can be divided into the sympathetic and the parasympathetic nervous systems. To shed more light on the involvement of the ANS in patients with PD, the SSR and HRV tests were used in this study. When compared with signs of the ANS involvement and clinical symptoms, the data analysis revealed the usefulness of both tests on the assessment of the dysautonomia.
Most patients with PD describe autonomic symptoms detailed at the time of diagnosis suggesting that clinical characteristics may have potential sensitivity as clinical markers of the premotor phase. [13] Autonomic symptoms in PD are better evaluated with the SCOPA-AUT scale. [14] The SCOPA-AUT questionnaire is divided into 6 subscores for the following domains: cardiovascular, thermoregulatory, gastrointestinal, urinary, pupillomotor, and sexual. Although the items in the questionnaire, such as SCOPA-AUT scale for assessing the disorder of ANS in PD patients are reliable and valid, [15, 16] they are more complicated and subjective. Objective measurements of autonomic function are needed.
SSR and HRV tests are recommended since these tests are objective quantitative tests. SSR and HRV analyses are noninvasive and easily applicable electrophysiological tests are used in the measure of sympathetic and parasympathetic nervous system function, respectively. SSR provides information on cholinergic sympathetic function of the ANS. SSR is commonly used for the evaluation of ANS function for its easy application and reliable results. [17] The SSR wave reflects temporary reaction in electrical potential generated in the skin's deep layers, the results of internal or external stimuli. The wave is considered to originate from sweat glands' synchronized activation in response to discharges by efferent sympathetic nerve fibers. Though 1 study found SSR responses were not elicited only in a minority of individuals, and without related difference between PD patients and controls, [18] another study found that the SSR might provide valuable information on cholinergic sympathetic function in patients with PD. [19] In our study, we found that there was significant difference between PD and control groups in terms of the SSR (P < 0.01), significant prolonged SSR latencies and decreased SSR amplitudes from bilateral hands and both feet, and the absent lower limb SSR was determined in advanced PD patients. Continuous variables were described as mean ± SD and 2 independent sample t test were performed to compare the differences between PD patients and controls if they meet normal distribution; otherwise, they were presented as median (Q1, Q3) and Mann-Whitney U test were applied to compare the differences between the 2 groups. Values for P < 0.05 were considered statistically significant. PD = Parkinson disease, SD = standard deviation, SSR = sympathetic skin response. * P < 0.05. * * P < 0.01.
Table 2
Comparisons of the parameters of HRV data from PD patients and controls. Continuous variables were described as mean ± SD and 2 independent sample t-test were performed to compare the differences between PD patients and controls if they meet normal distribution, otherwise they were presented as median (Q1, Q3) and Mann-Whitney U test were applied to compare the differences between the 2 groups. Values for P < 0.05 were considered statistically significant. HF = high frequency; LF = low frequency, PD = Parkinson disease, pNN50 = percent of R-R intervals differing more than 50 ms from each other, rMSSD = root mean square of successive differences, SD = standard deviation, SDANN = the SD of the averages of R-R intervals during all 5-minute periods that constitute the 24-hour day, SDNN = the (SD) of all R-R interval, VLF = very low frequency. * P < 0.05. * * P < 0.01.
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The activity of the sympathetic and parasympathetic (vagal) components of the ANS on the sinus node, [20] which is a cardiovascular autonomic function was reflected well by the use of HRV. Most generally used time domain parameters in PD research are the SDNN, the rMSSD, and pNN50. SDNN represents a general measurement of ANS balance, whereas rMSSD and pNN50 predominantly reflects parasympathetic activity. In frequency domain analyses recordings, there are LF, VLF, and HF power components in recordings. The LF power is modulated by both the sympathetic and parasympathetic systems, whereas the HF power is predominantly under the influence of the parasympathetic nervous system. The LF/HF ratio may reflect sympathetic modulations or sympathovagal balance. [21] Prior data have indicated that the rMSSD was lower in PD compared to control subjects and the rMSSD might be the most promising linear parameter that reflected ANS disturbance in PD. [18] Other previous studies showed HRV change could not only present early in the disease process but also predicted the motor symptom onset, [3, 22, 23] and decreased HRV was associated with an increased risk of PD. [23, 24] Time-domain (SDNN, rMSSD) but not frequency-domain measures, such as HF, LF, LF/ HF of HRV were associated with the risk of PD. [23] On the contrary, another study did not see an association between lower HRV and a risk of PD diagnosis, suggesting they might not predate PD diagnosis. [25] The parameters of HRV were found decreased in patients with PD when compared with the control subjects except for rMSSD and HF power (P < 0.05) in our study.
Most studies focusing on autonomic dysfunction in PD by describing differences of SSR or HRV parameters between PD patients and healthy controls. [26, 27] In contrast, the progressions of the HRV and SSR parameters over time, as well as their associations with various PD-related symptoms have only been partly reported. Previous studies found that SSR parameters were demonstrated to be correlated with UPDRS score, disease duration, disease stage, bradykinesia, and rigidity. [5, 28] There still has not been any studies related to whether the parameters of the SSR or HRV have associations with SCOPA-AUT in PD. In our study, correlation between electrophysiological autonomic parameters and clinical PD scales demonstrated that there was a significant different correlation between the parameters of SSR and the SCOPA-AUT, the clinical autonomic disorder parameter. The left hand SSR latency correlated positively with the SCOPA-AUT score, SSR amplitudes correlated negatively with the SCOPA-AUT score and the SCOPA-AUT score correlated positively with the UPDRS III score and H&Y score. Therefore, we suggested that SSR was useful for the assessment of ANS function in patients with PD. Although there was no significant difference been noted in rMSSD between PD patients and controls, the rMSSD of the PD patient correlated negatively with the SCOPY-AUT score, and we also found there was a significant different correlation between the parameters (except HF power) of HRV and the SCOPA-AUT scale. We thus believed that HRV was beneficial for the assessment of ANS function in patients with PD.
One previous study [19] could not find that these SSR alterations were associated with the presence of orthostatic hypotension or R-R interval variations. On the contrary, we found that some parameters of SSR were relevantly associated with HRV. The left hand SSR latency correlated negatively with LF/HF. The right hand SSR amplitude correlated positively with SDNN, total Table 3 Correlation analysis between the autonomic data assessed by SCOPA-AUT scale and variables. spectral power, VLF. The left foot amplitude correlated positively with rMSSD, total spectral power, and VLF. The right foot amplitude correlated positively with total spectral power. Absent lower limb SSR was determined unilaterally in 2, bilaterally in 1 of 3 advanced PD patients, the 3 patients had a high score on the SCOPA-AUT scale. Nevertheless, the 2 patients who had unilaterally absent lower limb SSR had normal HRV, which may be because SSR and HRV detected the 2 different aspects of the ANS of PD. In summary, quantitative changes in SSR and HRV analysis parameters were measured in PD patients. These data demonstrated that SSR and HRV could provide complementary information about the presence of dysautonomia in subjects with PD. Thus, SSR and HRV parameters may have the potential to serve as electrophysiological markers of dysautonomia of PD. Further study of this population and larger groups of subjects are needed.
